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D elirium is an acute cognitive impairment in patients 65 years of age or older. It is common in hospitalized older adults and reports of incidence range from 15% to 50%. Delirium is one of the most serious, common and fatal complications during hospitalization, and scientists have not yet properly discerned its pathophysiology. 1 Prevention is the most effective strategy, with up to 40% of delirium cases deemed preventable. 1, 2 The Hospital Elder Life Program (HELP), a multicomponent evidence-based program to reduce incidence of delirium, 3 has been successfully implemented in more than 200 hospitals across the United States and 11 more around the world. 4 HELP has proved to be cost-effective in decreasing the incidence of delirium and cognitive decline. The program's interventional strategy includes therapeutic activities, reorientation, nonpharmacological sleep protocol, reduced usage of psychoactive medications and maintenance of adequate hydration and nutrition. 3 If clinicians could identify patients at higher risk of developing delirium using factors noted in the electronic health record (EHR), HELP measures could be applied to these individuals, effectively reducing incidence in older patients.
The purpose of this systematic review was to summarize the reported risk prediction models and identify the most prevalent factors for incident delirium in older inpatient populations (age ≥ 65 years), with the ultimate goal of developing a delirium risk prediction model in the EHR that can be used within the HELP framework to reduce the incidence of delirium.
METHODS

Search Strategy
A medical librarian customized and conducted the search strategy for all published medical articles on delirium prediction models. The electronic databases Ovid MEDLINE, CINAHL, Cochrane Database of Systematic Reviews, EMBASE and PsycINFO were searched using PICO-based inquiries, which include patient problem or population, intervention, comparison and outcomes (Table 1) . Controlled vocabulary terms specific to database as well as relevant keywords were used, including variants of delirium, altered mental status, acute confusional state, acute brain syndrome, acute brain failure, metabolic encephalopathy, predict, predictive, prediction, models, modeling, scores, scoring, tests, testing, rules, index and indices. The bibliographies of included studies were examined, and no additional articles were referenced (Online Appendix 1). Inclusion criteria were: original research articles; nondisease-specific delirium in older patients admitted to the medical ward; patients older than 65 years; and acute medical inpatient population. Exclusion criteria were: review articles, reports, commentary, abstracts and presentations, disease-specific delirium, intensive care unit studies, and studies that included surgical cases.
Relevance and Quality Assessment
A total of 4,351 articles were identified by literature search. After removing duplicates, 3,449 articles remained. Abstracts from these articles were further reviewed for elimination based on inclusion/exclusion criteria using PRISMA guidelines 5 (Figure 1 ). After this round of elimination, a total of 29 articles were further screened for relevance to the topic by three reviewers (authors AK, SK and WA) ( Table 2 ). The criteria for relevance included: English language studies, older population, primary studies that develop prediction models of delirium risk, and having derivation and/ or validation cohorts. We excluded systematic reviews and meta-analyses. Using these criteria for relevance, 12 articles were included in the final systematic review.
The quality of the 12 studies was assessed by the Newcastle-Ottawa Scale (NOS) project. 6 The purpose of the NOS tool is to assess the quality of nonrandomized studies to be used in a systematic review. Its "star system" assesses studies on three major criteria: selection, comparability of the groups, and study-type outcome (cohort) vs exposure (casecontrol) study design. The NOS ranges from 1 to 9, with 1 being poor and 9 being excellent ( Table 3 ). 6 The following parameters were used in the final review of the articles: study description, study population, delirium assessment method, incidence of delirium, and risk factors for delirium. Whenever there was disagreement, the group of three article reviewers made the decision by mutual consensus.
RESULTS
The overall incidence of delirium in the 12 analyzed studies ranged from 4% to 26%. A total of 20 risk factors were identified (Table 4 ). [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The quality of the studies ranged from 4 to 8 ( Table 5 ). The most common issues leading to lower quality scores were lack of documentation of follow-up and blinding.
Three studies were done retrospectively. Nine were prospective. Six studies were done in the United States. Two of the studies were external validation studies (Pendlebury et al and Rudolph et al). Overall, each study was able to identify 2-6 risk factors for delirium. The most commonly reported risk factors for delirium were dementia, decreased functional status, high blood urea nitrogen-to-creatinine ratio, infection and severe illness. Other less common variables were alcohol, malignancy, history of delirium, older age, medications, physical restraints, malnutrition, admission from other than home and an iatrogenic event.
Cognitive impairment was the most commonly identified risk factor (noted in eight studies Functional status was the second most common risk factor identified. The test used to measure functional status varied from study to study and included Functional Independence Measure, Barthel index, Katz activities of daily living and retrospective chart review.
DISCUSSION
Strengths and Limitations
In our systematic review, we studied 12 fair-to goodquality articles (as determined by NOS criteria) and were able to identify the most common risk factors of developing delirium in the inpatient setting, namely dementia, decreased functional status, high blood urea nitrogen-to-creatinine ratio, infection and severe illness.
We acknowledge a number of limitations in this systematic review. First, there was variation in the assessment of delirium among the original studies, with assessment performed by differing methods and personnel. Second, all the studies lacked followup data, one of the quality measures on NOS, thus lowering the quality scores for each study. Third, the incidence of delirium varied among the retrospective and prospective studies. Retrospective chart review may not be accurate for diagnosis of delirium and can miss the diagnosis of delirium in some cases. 19 Despite these limitations, this review has strengths. Although the large number of predictors from a relatively small sample of studies --20 risk factors from 12 studies --might seem concerning, our systematic review is consistent with previous research in identifying multiple factors for delirium. Delirium has a multifactorial etiology and is unlikely to be caused by a single factor. In fact, multiple causes may be responsible in most cases. Additionally, it is known that factors can jointly predispose to delirium depending on individual vulnerability. 20
Future Direction
In the future, we intend to use this systematic review to develop a delirium predictive tool that can be generated automatically from the EHR. This will enable current delirium prevention programs to focus their efforts on patients who have the risk factors of developing delirium. Our health system has successfully leveraged the EHR to identify vulnerable older adults in a timeefficient manner. Specifically, a "delirium marker" has been developed within our system to aid in the identification of delirium prevalence within inpatient units. 21 The delirium marker was derived from variables noted on the Acute Care for the Elders (ACE) Tracker. The ACE Tracker is an innovative, clinical decision support tool focused on older patients that is generated automatically on a daily basis from the EHR. This tool has been established for use in all the hospitals throughout our health system, and has been disseminated to five other health systems. The variables noted on the ACE Tracker are programmed from the EHR to identify high-risk patients.
We were prompted to undertake this systematic review due to some limitations in the EHR data as well as the recognition that the known risk factors for HELP may not be best in predicting delirium via the EHR. First, there is a lack of presence of some known predictors in the EHR record. Second, EHR data are entered by staff nurses while taking care of the patient; it is not research data. Last, there may be missing data. The success of 
CONCLUSIONS
This systematic review summarizes the most frequently reported risk factors for delirium in hospitalized older patients. This collective information should be used to develop an electronic health record-generated delirium risk prediction model that can identify patients who are at risk of developing delirium, allowing for the application of preventive interventions and thereby reducing the incidence of delirium. 
Patient-Friendly Recap
• Delirium is a mental impairment common in older adults, especially those hospitalized. Myriad patient factors contribute to the likelihood of a patient developing delirium.
• The authors reviewed past reports of delirium incidence to determine the most common risk factors and possibly assist the creation of a clinically useful risk prediction tool, driven by the electronic health record.
• The most common risk factors associated with delirium are presence of dementia, decreased functional ability, abnormal blood test result (ie, high blood urea nitrogen-to-creatinine ratio), infection and severe illness.
